Background. It is well known that socioeconomic indicators, such as income and education, predict both stroke incidence and stroke mortality. This means that persons in lower socioeconomic positions are less likely to survive their stroke, and there will be a selective survival in the group discharged from hospital after their first stroke. Question. Does socioeconomic position continue to predict mortality, stroke specific, or from other causes, among patients surviving their first stroke in spite of this selective survival? Methods. All persons in Sweden aged 40-59 years who were discharged after a first hospitalization for stroke in 1996-2000 were included (n = 10,487), then followed up until the end of the fourth calendar year after discharge. Data were analysed with Cox regressions controlling for age, sex, and stroke type. Results. Persons with high socioeconomic position, measured by education and income, have lower mortality than those of low position. Education was not significant when adjusted for income, however. The risk of dying was similar for stroke-specific mortality and all-cause mortality, for those with cerebral infarction as well as for all patients. Conclusions. Socioeconomic position predicted stroke-specific mortality also in the selective group of persons who survived their first stroke.
Introduction
Many studies show that persons in lower socioeconomic positions, such as low-income groups or persons with a short education, have higher risk of dying from stroke [1] [2] [3] . This also means that persons in lower socioeconomic positions will survive a stroke to a lesser degree than persons in higher positions. Thus, among people discharged from hospital after their first stroke a selective survival will have occurred. It is moreover reasonable to assume that people who come under health care supervision may fare better, for example, due to medication and physiotherapy. In other words, it seems likely that the general access to a universal health care system and/ or selective survival may have modified the association with socioeconomic position.
Our question is whether socioeconomic position predicts stroke-specific mortality also among the selective group of patients surviving their first stroke. When death was measured as all-cause mortality, socioeconomic position did continue to play a role as persons in low socioeconomic position that survived a first stroke remained at higher risk of early mortality [4] . However, it is unclear whether the socioeconomic gradient for stroke-specific mortality is similar to that for all-cause mortality. Some studies indicate that socioeconomic position continues to predict stroke-specific mortality [5] [6] [7] [8] , but to our knowledge this specific issue has not been addressed before.
Object of This Study.
To what extent does income and education predict stroke-specific mortality and mortality due to other causes after the discharge from a first hospitalization for stroke?
Methods

Study Population.
This study was carried out in Sweden, where approximately 30 000 persons are afflicted by stroke each year [9] . Stroke is a disease of the elderly but about 20 percent of stroke sufferers in Sweden are of working age, that is, under 65. Most hospitals are public and the few 2 Stroke Research and Treatment private ones have contracts with the county council. A wide range of rehabilitation measures are available to stroke survivors, from acute hospital care with special stroke teams to rehabilitation clinics for both in-and outpatient care.
Inclusion
Criteria. All persons in Sweden aged 40-59 who were hospitalized for the first time for stroke in 1996-2000 (n = 11, 687) were identified from the national register of inpatient care. Among the population there are approximately 2.5 million persons in this age group. The stroke types cerebral infarction, subarachnoid haemorrhage, intracerebral haemorrhage, and "stroke, not specified" (ICD 10 = I60, I61, I63, and I64) were included (both principal and secondary diagnoses). Persons with a previous ischemic heart disease (ICD 10 = I20-I25) were excluded to avoid comorbidity as well as TIA (ICD 10 = G45.8 and G45.9) due to less reliable data. Other data were then added, such as income and education, from a Statistics Sweden population-based data register. While 1200 stroke patients died during their hospitalization, 10,487 were later discharged (see Table 1 for descriptives). The study group consists of these cases. Both stroke-specific mortality and mortality from other causes were analysed from the first day after discharge until the end of the fourth calendar year after the stroke. We also modelled data with 30-day case fatality from hospital admission, but the results were very similar compared to data from discharge (not shown). During the followup n = 946 died and of those n = 277 died from stroke. Information about cause and exact date of death is from the Swedish Cause of Death Register (ICD 10 I60-I69).
Education is measured as elementary, upper secondary, and university. Income was grouped into four equally sized quartiles. The income and education data concerned the calendar year prior to the stroke.
We used Cox regressions to analyse mortality after discharge. Results are presented as relative risks. Analyses are controlled for sex, age, age square, stroke category, days of inpatient care, and days square. Days of inpatient care was used as a proxy of stroke severity. This adjustment did not affect estimates for education and income.
The study was approved by the Regional Ethical Committee in Stockholm (2006/5 : 1). Table 1 gives an overview of the studied group, showing the distribution of sex, age groups, proportion that died, stroke category, and days of inpatient care, by income quartiles and education. Table 2 shows the mortality risk after surviving any stroke subtype, Table 3 after the main stroke category cerebral infarction. The first three columns with results in Table 2 show the risk stroke-specific mortality and the last three columns the similar results for other causes of death than stroke. The analyses show that persons with low education and low income had higher risk for stroke-specific mortality when analysed separately ( Table 2 ). The risk of dying was lower for persons with university education than for those with elementary education (Model 1) and was lower for persons with higher-income than for persons with lower-income (Model 2). Including both variables measuring socioeconomic position, that is, controlling for each other, only income continued to be significant (Model 3).
Results
The relative risk of stroke-specific mortality in the highest income quartile was only about one fifth compared to the lowest quartile (RR 0.22) when adjusted for education. The table presents income quartiles in average over educational groups, although a detailed analysis suggests that the relative difference in risk was greater in the group with the shortest education.
The analyses of the risk for other causes of death than stroke showed similar pattern as stroke-specific mortality, except that education was only significant on the 10-percent level and that the mortality differences between income quartiles was slightly smaller. The highest income quartile had a mortality risk that was about a third of the lowest income quartile.
Among persons discharged from hospital the risk of dying from stroke was about half among those with subarachnoid haemorrhage as compared to the other stroke subcategories. Table 3 displays the mortality pattern for the main stroke category cerebral infarction separately. This pattern was similar to that of all stroke subtypes except that association between education and mortality was significant for both stroke-specific mortality and mortality from other causes of death.
Discussion
Socioeconomic position, that is, income and education, predicted stroke-specific mortality-as well as mortality due to other causes-also after the selective survival of a first stroke. While education was not significant when income was included in the model, the risk of dying from stroke in the highest income quartile was one-fifth of that in the lowest income quartile.
This might indicate that economic resources are more decisive than educational ones (e.g., how well-informed someone is). However, since education generally precedes income as it is completed early in life, and income is partly the result of educational achievements, education may be conceptualized as a factor underlying the later association between income and mortality.
While none of the previous studies specifically examines income and education as predictors of stroke mortality after the selective survival from a first stroke, some studies have had followup periods that partly overlap with ours [5] [6] [7] [8] , and although some of them have other indictors of socioeconomic position, for example, occupation [6] or looking at stroke incidence rather than mortality [10] , their results point in the same direction as ours, that is, that socioeconomic position continues to be a strong predictor also after the selective survival of a first stroke. If anything, the socioeconomic gradient indicated in our results was even steeper than for stroke mortality in general [3] .
That socioeconomic position predicts stroke mortality also after the selective survival from a first stroke may indicate the importance of buffering socioeconomic inequalities with secondary prevention. The utilization of health care differs by socioeconomic position also in countries with universal health coverage. In Sweden, for example, higher income groups utilize physicians to a greater extent than lower income groups [11] . Studies have also found a socioeconomic gradient for waiting time for carotid surgery [5] , use of magnetic resonance imaging (MRI) [5, 12] , and for receiving optimal acute care [13] . Even so, the latter study also indicates that the socioeconomic differences in stroke outcome cannot be explained by differences in acute care [13] .
There are many factors besides health care utilization and medication that affect mortality risk. Disabled individuals also run an increased risk of dying from stroke [14] that may be related to income differences in disability [12, 15] , compliance, and coping ability [16] .
Health behaviour is important for both primary and secondary prevention and lower-income groups are in greater need of health behaviour counselling, for example, concerning smoking habits [17] . In one study, the socioeconomic gradient for the incidence of stroke among middle-aged persons could largely be explained by health behaviour, that is, smoking and alcohol consumption [9] . On the other hand, in a population-based Swedish study on elderly patients with cerebral infarction [18] , the socioeconomic gradient persisted with adjustments for health behaviour.
In our results, the socioeconomic gradient was just slightly larger for stroke-specific mortality than for mortality due to other causes. This indicates that determinants of socioeconomic differences may be shared between stroke and other morbidity. It also indicates that in spite of the fact that we have focused on socioeconomic differences in mortality late in the disease process, that is, after surviving and being discharged from hospital after a first stroke, it is the effects of determinants further upstream that are captured.
Our results indicate the need to allocate more resources to low-income groups than to high-income groups, targeting them as a high-risk population. But it remains unclear whether the increased risk is of relatively recent origin, or whether it reflects disadvantages accumulated over a life-span, with respect to health care and health behaviour as well as to other factors.
It is worth noting that a review of the most effective evidence-based strategies for reducing health inequalities suggests interventions focused on early life and general living conditions, that is, a good start in life, that all young people should be able to maximize their capabilities and have control over their lives, fair employment, good work, and healthy standards of living for all, and healthy and sustainable Stroke Research and Treatment 5 communities, besides the role and impact of ill-health prevention [19] .
Otherwise, it has been recognized that people's working conditions, such as work stress and control, are closely correlated with income differences [20] [21] [22] . Other factors may interact with socioeconomic position so that the joint exposure of such factors as health behaviour and received health care play a role for stroke mortality.
This study did not examine the effect of socioeconomic position on the risk of a first stroke or the selectivity in the survival of it. Thus, it was not able to compare risks before and after a first stroke. This might be interesting for future research.
The registers used are considered to be of high quality, but there are limitations. There are no records of stroke severity, or such traditional risk factors as smoking, obesity, and hypertension. In a recent study we described how persons of working age belonging to higher-income groups were more likely to return to paid work after a stroke [23] . This interest in the possibility to return to paid work also lays behind the age limits applied in this study.
Another limitation was the lack of information on ethnicity or comorbidity. It would also have been interesting to examine the pathway separately for men and for women, as the pattern may differ both due to different environmental influences and to different susceptibility for the disease. A separate analysis by gender was not viable because of the small number of women who died from stroke (n = 81). Any closer analysis of the determinants was similarly restricted due to the rather small number of deaths, and there is a possibility of bias due to omitted variables.
A complication that obscures comparability between studies is the choice of reference group, which will tend to differ along the pathway of the disease. In studies of stroke incidence the natural choice is the general population, but in studies of poststroke mortality the nonfatal cases of the disease are the obvious choice. It is unclear how the socioeconomic gradient, as well as the influence of other factors, are affected by the choice of reference group. This is an issue that deserves to be recognized and more closely studied in the future.
This study recognizes that the influence of a factor might differ depending on the stage in the pathway of the disease. An important implication of our study is that there is a need to separate the influence of different factors along the pathway from disease to death.
There is no exact boundary between when mortality risk from the first stroke ends and when the mortality risk from a second stroke should be conceived to begin. This boundary was also alternatively operationalized using 30 days from hospital admission with similar results, but there is a certain face validity in using hospital discharge as an indication of survival from the first stroke.
Conclusion. There are major socioeconomic differences in stroke mortality, also after the selective survival from a first stroke.
